WORLD Ml J*T ZATIQN ^g0? 

INTERNATIONAL APPLSC AT!«\S PUBLISHED UNDER JUL PATENT COOPERATION 5 HhAi^ P« T) 



(55) ir.ternat&mal Pweirt €lasssi$e»tto» •' 
C08F 210/02, 4/643 



(11) Interna tionai Pe&JfcBti<*B Number: 
(43) International Pubises tics Date; 



11) Intcrswt cat - ...bt- PCJ S 

t„ . <. i i 'd<. 22 .October 5999 (22.10.99) 



'.. • Priori* Data: 

60/105,329 - > - ^ U'iAOM; 

ypiA ^ - , 9- " -4 9" 



OH". ApoUeani: irXXOW CHEMICAL HA 'Hi NTS INC. SU3.9JS ]: 
i350! Kitty Freeway, Houston, TX 77079 (US). 



{72) Investor: RIX, F;ui 



1106 Mm Castle, League City, 



!?4) Agente; Ab.Al.S7R. W:Uh ; m, G. 

Company, Law lechnslogy, P.O. ? 
77522-2!4y (US). 



lb; Exxon ChercitM: 
>; 2U9, Bay town, TX 



Wiifc mxrr.aumat search repon. 
i » r c 

c&si/sj fflstf ra republished «'» tte <rwr«/ «/' t.w rar«?p? of 



(57) Abstract 



^ ittu < i I M]\<.:its tone p^H'tu « b 

ers can be prepares] wish high molecular weights and c&taiy. 

T ' 0- „ _J L J 1 „* 

0.940 , i i 3 imdf- sobit-ors e - i 

« ^ I 0 7 f l 1 

•eritr caobys: 'i 1 1 - derived bo;n ox ancillary hgamis, each of which mifepemfemly 



Tne inser-Eioe is hi-eoooi to broigeO :itetab<j-..er:e catalyst 
ii 7 <im on ' .-u po!vrasri?at : .wi pjwessrs such mat 
activities panicuhiriy ot i J poiyrriertebcw renobon tciiipera; 

L ' 1 K ,1111 . 1 1 

cciXitiions at ait 
with 3 bridged 



t. t< v,,i >t i ttx l,y kK > » mi u • <■< " ' " -Mr |l Se c« or 

Group -t a i f ' ' i i r i i a i r> c i 



said 



-i ORWATHM ONLY 



v id oUi-msf tats t,ar> ns ippic>, rs ,ii<s l ! 



Stpabtfcof Xcrea 
StjMbfk: of Korea 



7:i»>d:y< iUsti ToffSg;! 



WO 80/24793 



PCTAJS§9/24944 



BRIDGED METALLOCENES FOR OLEFIN C OP 0 L YM E R I Z A 11 ON 



5 

Technical Field 

This invention relates to aryi-substimted-bndge containing organometalhc catalyst 
compounds suitable for oiefm polymerization processes. 

10 

BACKGROUND ART 

Olefin polymers comprising ethylene and at least one or more a-olefin and 
optionally one or more dioiefin make up a large segment of polyolefm polymers and will be 
addressed as "ethylene copolymers'' herein Such polymers range from crystalline 

1 5 w>l et \ <- v e u t-.iv-.svf 

0.94, to slightly crystalline polyethylene such as Linear Low Density Polyethylene with s 
density between 0.915 to 0.94, to largely amorphous elastomers with a density down to 0.85 
and a relatively high molecular weight and with a new area of semi-crystalline "plastamers" 
with a density of between 0.915 and 0.86 and a moderate molecular weight. In particular, 

20 ethylene copolymer piastomers are now a well established class of industrial polymers 

having a variety of uses associated with their unique properties, such as elastoinerie 
properties and their thermo-oxidative stability. Uses of the piastomers include general 
5 %tre and cable coatings polymer modification, injection 
„ m rm t i^r r shemr . n a v ' e pt n m s<\ t 

25 and sealant compounds. 

Commercially prepared ethylene copolymers have been Traditionally been made via 
Ziegier-Natta por 1 nor za*ki> with catalyst systems largely based on vanadium or titanium 
Newer metalloceae catalyst compounds have received attention due to their ease of larger 
30 monomer incorporation and potential increases In polymerization activities. U.S. patent 

5,324,800 describes metaliocene g substitute t titute \ 

o oehk. ng high nu c 
linear, low density copolymers of ethylene with minor amounts of a -olefin. 
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The utility o jg< ed ionic catalysis lefm poly net za io 

described in U.S. patents 5,408,057 and 5,761,208, EP0 612 768, and EP 0 612 769. Each 
addresses suitable bridged metaliocene catalysts for high temperature processes for olefin 
5 5 v ene, bridging grouf s for 

metailoeenes suitable as olefin polymerization catalysts is described in U.S. patents 
4892,851, 5,155,080 and i 32,381. I > de >m and diary methylene groups 
are identified as particularly suitable. 

10 Olefin solution polymerization processes are generally conducted in aliphatic 

solvents thai serve both to maintain reaction medium temperature profiles and solvate the 
polymer products prepared. However, aryl-group containing metailoeenes, those having 
cycle pentadienyl dema* ^ ^ 
sparingly soluble its such solvents and typically are introduced in aryl solvents such as 

15 toluene . Solution polymerization processes io aliphatic solvents thus can be contaminated 

with toluene that must be removed to maintain process efficiencies and to accommodate 
health-related concerns for both industrial manufacturing processes and p >Jym« p i d ct; 
from them. Alternatively, relatively insoluble catalysts can be introduced via slurry 
methods b t h.. >.m m- -mm- - <. h nr- u m i l * j - '» o _ ^ \ ''toes that 

20 complicate and add significant costs to industrial scale plant design and operation. Low 

solubility can also become disadvantageous should the process involve low temperature 
operation at some stage such as in typical adiabatic processes ran in areas subject to low 
ambient* temperatures. Additionally, separating or counteracting the build up in the recycle 
system of special catalyst solvents may become another problem. At the same time means 

25 of maintaining high molecular weights in;' olefin polymeiv V*u » v eo >mualK 

I e ?h poiymerizatio eaction temperatures and high polymer production rates is 

hsg v e st o e v t t ie etallocene catal vi id t» active 
kr p i e v 1 -' e - > , z\ ,. p tee c K* \ <■ eve r > it- 

has increased solubility in aliphatic solvents, 

30 

BRIEF SUMMARY OF THE INVENTION 

I £ n bus add esse wufc 1. PrmgeJ metaDoce 

complexes comprising a solubillzing covalent bridge comprising at least one 
hydrocafbylsiiyl substituted. It can be described as a Group 4 organometalim compound 



comprising two ancillary monsnfemc iigands, each of which independently may be 
substituted r unsub$tituted t wbe he Iigands are b tded bt a covaieut t d c « 
a substituted single Group 14 atom, the substitution on said Group 14 atom comprising aryi 
groups at least one of which contains at least one hydrocaroylsUyi subsiituent group 
5 t i x x i v 5 se s< i i „ \ \ C - 1 . ■> 

relates to solution polymerization processes tor ethylene copolymers having a density of 
about 0.850 to about 0.940 comprising contacting, under supercritical or solution 
> vt za ij v, di et v v v a 0 *C, ethylene and one 

t v P > 'S | ' * it j t i l ! t ,0 ' v , i •■ 

10 derived from A) a mefallocene compound having a covalent bridge, connecting a 

op ad - \ i , i t v r f i brid « 

containing a substituted single Group 14 atom, rise substitution on said Group 14 comprising 
ids at c ns at ;e 1 m group of 

the formula R^ n SiR'j.„, where each R ! is independently a Ci-Cao hydrocarbyi, 
IS tydrocarby s s tydroilut a by! 1 1 ,v , R - t Cr nking roup ht.av.een Si 

and the aryi group, and a ~ 0, 1 or 2. Where n~0, the Si atom is covaiently bound directly to 
an aryi group ring carbon atom. 

DETAILED DESCRIPTION: OF THE INWNTIGN 

20 The bridged metaUocene compounds of the invention are those having a single 

subs - silicon ate - Ha nior a s. j as 

substitu . s . (Cp liga ds a T d a si bstituted and 

uosubstituted Group 13-16 heteroatom iigands. of the metaliocene metal centers. The 
bridge substituents are substituted aryi groups, the substituems including at least one 

25 vi dvi^ . . b s sv* >»v . * icdted on at least one of the aryi group bridge 

substituents. Substiiuents present on the cyclopeniadienyl and/or heteroatom iigands 
include Cj-Qje hydrocarbyi, hydrocarbylsily; or hydrofluorocarbyl groups as replacements 
for one or more of the hydi i g p 1 m or those or fused aromatic rings 

on ie cyclopentadienyl ring \rcmati - gs ce be sub t o i cycl p< n idi yd 

30 ji uGtnd ateoiCius!\^ v m\ k s , . < . i 

and tne r ^ v s ^ m -m o n ^ ^ u 

■ * ] v - < u. aromatm or « omi 

groups, including fused-ring or pendant configurauons Examples include methyl, 
isoprppyh n-propyt, n-buryi, isobutyi. tertiary butyl, neopentyl, phenyl n-hexyl, cyclohexyl, 
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benzyl, and adamantyl. For the purposes of this application the term "hydrocarbon" or 
"hydrocarbyi" is meant to include those compounds or groups thai have essentially 
hydrocarbon characteristics but optionally contain not more than about JO mol.% non- 
carbon heteroatoms, such as boron, silicon, oxygen, nitrogen, sulfur and phosphorous. 
Additionally, the term is meant to include hydrofluorocarby! substituted groups. 

Bvd > xemplsfs y, but ed iihyc 5yt- and 

trihydrocajrbyJsUyls, where the preferred hydrocarbyi groups are preferably Ci-C 3a 
substituent hydrocarbyi hydroearbylsHyl or hydrofluorocarbyl substitutents for die bridging 
group phenyls. For heteroatorn containing catalysts see WO 92/00333. Abo, the use of 
hetero-atom containing rings or fused rings, where a non-carbon Group 13, 14, 15 or 16 
atom replaces one of the ring carbons is considered for this specification to be within the 
terms "cyclooentadienyi", "indenyf, and "fluorenyi". See, for example, the background and 
teachings of WO 98/37106, having common priority with U S. Ser. No. 08/999,214, filed 

12/29/97. and WO 98/41530, having common priority with U.S. Ser. No. 09/042,378, fried 
3/13/98, both incorporated by reference tor purposes of U.S. patent practice. 

These compounds can be generically represented as illustrated below: 
Op * 



diar, : 



s , -o naming arc 

independently selected from Cp ligands as previou > iefmed oj is a bs oted or 
i,\ (jv, - 5 t^-'mng Ondgmg 

\t m< /\f J are the substitute grc which may be the ime or dsfferei \ 
a Group 3-6 metal, and X ? and X* are the same or different labile ligands capable of being 
ibstrae , for act! suitable for oie o r capable of alky n so as to b 

abstraetabie and suitable for olefin insertion. The term "ancillary ligand" is being used to 
refer to bulky monoanioic ligands that stabilize the metal center to which bonded against 
xida actio de c f g >y chemica reactio t and the erro labile 

liganc refers nds which may he reac > e laced ibsfcactet emoved from the 
metal center to which bonded 



for illustration purposes Ar l and Ar 2 maybe independently selected from the groups 

below: 



S>5 I ' S9. 14944 




where any R' is independently any of the groups below except H and any R ,! ' is 
independently any of the groups below: 



H 


CH(CH3)2 


C4H7 


CH2CH-CH2 


CH 3 


CH2CH(CH 3 )2 


C5K9 


CH2CH2GH-CH2 


CH2CH3 


CH2CH2CH(CH3)2 


c 6 Hn 


CH2CH 2 (CF2)?CF3 


CH2CH2CH3 


C{CH3)2CH(CH3)2 


C7H13 


CF3 


CH 2 (CH2)2CH3 


CH(C(CH3)3}CH(CM3)2 


CgHiS 


N(CH3)2 


CH?(CH2}3-30CH3 




C9H]7 


N(C 2 H5)2 


CH2C(CH3)3 


CH 2 Si(CH3)3 


CgHS 


OC(CH 3 )3 


CH-CH2 


CH 2 Ph 


CR 2 SiR 3 





Cp and L, independently, maybe any ofhgands below where R' ,! is as shown above. 
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R'" 



X 1 and X 2 may independently be any of the groups listed for R" ! plus any of Ci, Br, 
•iHR H(R OR \ d > ) i lly b iked together st to foi 
bidentate iigand such as cycloaliphatic hydrocarbyl bidentate Iigand or cycioalkeny; 
hydroeatbyi Iigand. 



where Me is methyl, Et is ethyl and Octyi is octyl. 

Specific exemplary bridged hafnium catalysts include those, derived from: indenyl- 
based .complexes such as the isomers, or mixtures, of di(para-triemytsi!ybpbenyl) 
hn ethyl < 

bis(mdenyl} hafnium dimethyl of di(paia4riHR-propyteiiyl-phenyl} methylene bis(indeny!) 
hafnium dimethyl, (para-triethyisil yl-phenyl) (para-t-binylphenyl)mediyiene (Ouorenyl) 
(indenyl) hafnium dimethyl, (para-uiethyisilyi-phenyi) {para-methylphenyl)methyiene 
(Ihjoreiiyi) (indenyl) hafnium dimethyl, di<para- tr i ethyl s f 1 y I -pfaeny i> methylene (2,?-di 
ertb i ndenyl) hafnium dimethyl (para - esn (para-n- 

butylphenyl) methylene (2 5 7-di tertbutyi iluoreny!) (tndenyi) hafnium dimethyl, (para- 

! m< ss-b * ih_j \ - etln e^e * 
v v \ and ch(para4riedi\hsdv:-pheriyi ; t ^ \ 1 -i > bath-urn 

dimethyl. 




.\ ■> v compounds mciudc c * < 
c e his(in lem c« mom dis ieth> 
v v ' m 'mum dimcthv oi i 
zirconium dimethyl pa t 1 (ethylene 1u enyl) 

5 iex uum dimethyl (paraon * ethylene 

i i: e zirconiu dh h i r riethyi yl-pheny! ethylem 2,7-d 
terthoty? fluoreny!) (mdenyO zirconium dimethyl (para-trimethylsiiyl-pbeny!) (para-n- 
bmyiphenyi) methylene (2,7-di iertbutyf fluoreny!) (indenyl) zirconium dimethyl, (para- 
trielhylsilyl-pheayj) (para-n«butylphenyl) methylene bis(tetrahydromden> 1) ..<',mu 
10 dibeozy nc tint 

dimethyl Additional preferred zirconium metaltocenes useful when prepared with the 
solubiiizing bridging groups in accordance with this invention are those described in 
copending U.S. application Ser. No. 09/251,819, filed February I?, 1999, and equivalent 
WO 99/41294, these catalyst structures and the solution polymerization process described 
15 with them are particularly suited for this invention, and are incorporated by reference for 

purposes of U.S. patent practice. 

Particularly suitable cyciopentadienyhbased complexes are the compounds, isomers, 
or mixtures, of (para-trimeraykilylpheny!Xp«^n-buty!phenyi)methykne (fluoreny!) 
20 t ienyl) hafnium dimeihy dop&a ritm ; Methylene (2,7~di- 

tertbuty! fluoreny t) (cyclopentadienyl) hafnium dimethyl c (para 
triethylsilylphenyS)methylene (2,7-di-tertbutyl-fiuorenyi) (cyclopeniadienyl) hafnium 
me pam-meihy yi enyi) (panH-butyipheny!) methylene (2,7-di tertbuty I 
i .it 5v n > taf mm dimethyl or dibenzy!, and d;(para-triethylsi!yl- 

25 phenyl)methy.iene (2,7-d;methyIfloorenyl)(cyolopentad:enyl} hafnium dimethyl or dibenzyl. 

Tin ene an goes m-^ (pafa-trimethylsiiylphenylXpJf>n-but>ip < ' - 

v . \ Len\n zirconium, dimetm ; i - 

* fluorenyj) ao s zirconium dor-ethyl dsfpara- 

triethyls't » e (2,7-di- ' - adieny!} 2 rconiun 

30 dimethyl, (para-triethylsiiylpheny!) (para-t-butylpheny!) methylene (2,7-di tertbuty! 

r ; t , u 'cmiP d;mefh\i c , uen" and d * h -u 1 

r"i\ > c >!< am ito. 1 or 

U > 7 ! s t }S 1 v ' ? v ! ! 
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asysinietnc compounds listed above, are particularly useful in accordance with the 
i n venti on. 

in particular, tor the bridged metallocene compounds, Increasing the degree of 
5 . 1 v latic fused ted iig in be effective for increase 

molecular weight, eg,. 2.7-dimethyl-fluorenyi. 2,?-di-tert-buty!-fluorenyJ and 2,7-rnethyi- 
phenyhfiuorenyl groups are exemplary of such. Preferably substitution on fluorenyi or 
, $de iy ad cab ! i) in tl e metallocene compounds will general!) comprise * vo on more Cj 
i irocarb : irocarbyls r i L , ^ ,r s ibs ons. ibii is ye oge 
10 at least one 5-member fused-ring, preferably both where a fluorenyi radical . 



polymerization catalysis in any manner sufficient to allow coordination or catiomc 
polymerization. This can be achieved for coordination polymet sati< ^ < - idea 

I S be abstracted and another will either allow insertion of the unsaturated monomers or will be 

- v ; replacement with a ligand that allows insertion of the unsaturated 
monomer (labile ligands), e.g., alkyi, silyl, or hydride. The traditional activators of 
, x^u > ^ V— r . . ^ m n, ^ ,m t <. m ode i ^ 1 i such as 

aiumoxane compound:;, and ionizing, anion precursor compounds that abstract one so as to 

20 ionize the bridged metallocene metal center into a cation and provide a counter-balancing 

noncoordinating anion. 

Alkyialumoxanes and modified alkyialumoxanes are suitable as catalyst activators, 
particularly for the invention metal compounds comprising haUdc ligands The aiumoxane 

25 componem useful as catalyst activator typically is an oligomeric aluminum compound 

represented by the general formula R \l-Obi which is a cyclic compound, or x * V 
0) ;1 AJR% which is a linear compound. In the general aiumoxane formula R'" is 

)endently a C s to Ca> alk\ c °^ e I t > 

and V is as; integer from 1 to about SO. Most preferably. R ,! is methyl and "n" is at least 4. 

30 Alumoxanes can be prepared by various, procedures known m the art. For example, an 

aluminum, alky! may be treated with water dissolved m an inert organic solvent, or it may be 
contacted with a hydrates salt, such as hydrated copper sulfate suspended in an inert organic 
solvent, to yield an alnmos ^ >. < a however pre 

alkyi whh a limited amount of water yields a mixture of the linear and cyclic species of the 
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dumoxane and mod rred ?a further 

descriptions see, U.S. patents No. 4,665,208, .4,952,540, 5,041,584, 5,091,352, 5,206,199, 
5,204,419, 4,874,734, 4,924,018, 4,908,463, 4,968,827, 5,329,032, 5,248,801, 5,235,081, 
5J 57,137, 5,103,031 and EP 0 561 476 XI, EP 0 279 586 81, EF 0 516 476 A, EP 0 594 
5 2 3 S A 1 and WO 94/10180. each being incorporated by reference for purposes of U.S. patent 

practice. 

When the activator is an aiumcxane, the preferred transition metal compound to 
activator molar ratio is from 1:2000 to 10; 1, more preferably from about 1:500 to 10:1, even 
1 0 more preferably from about 1 :250 to 1:1 and most preferably from about 1 . 100 to 1:1. 

The term "noncoordsnating anion" is recognized to mean aa anion which either does 
not coordinate lo the metal cation or which is only weakly coordinated to it thereby 
remaining sufficiently labile to be displaced by a neutral Lewis base, such as an olefmically 
.15 or aeetylenicaHy unsaturated monomer. Any complex capable of counterbalancing a 

> hiding both 

ben near to v c^-j. w t> nets 'ccene cations so as to render them neutral and 
rem a r. m - uTtcsemi> labile so as to be replaceable at the. polymerization sits: by olefin 
monomers, will be suitable in accordance with the invention. Typically such complexes are 

20 based on ionic salts or neutral Lewis acids of the Group 8-1 4 metalloid or metal elements, 

y boron i u - i yl gr ups that are subst tted 3 as to 

present steric or electronic impediments to oxidation of the complexes by reaction of the 
ir;msstt..-r metal center with the ' groups bonded to the Group S3 atoms. Zwhterkmic 
complexes of Group 13 elements comprising both catonic and anionic charges where 

25 meeting the functional requisites above are additionally suitable. 

N v ,. mal s ! table anions are known in the art and will be suitable for use with the: 
metaliocene catalysts of the invention. See in particular, U.S. patent 5,278,119 and the 
review articles by S, H Strauss, 'The: Search for Larger and Mew v^S . ■ m. . 
30 Anions", Chem. Rev., 9.1 927-942 (1993) and C. A. Reed, "Carboranes: A New Class of 

Weakly Coordinating Anions for Strong Eiectrophiles, Oxidants and Superacids", Acc. 
Ch&ns. Re^ t 3L 133 -139 (1998). 
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Spscrfic descriptions of ionic catalysis, those comprising a transition metal cation 
and a noncoordinating anion, suitable for coordination polymerization appear in the U.S. 
patents 5,064,802, 5,132,380, 5,198,401, 5,278,119, 5321,106, 5,347,024, 5,408,017, 
5,599,671, and international publications WO 92/00333, WO 93/14132 and WO 97/35893. 
These leach a "rat ed method of prep a es < b> 

noncoordinaung anion precursors such that an alky 1, atkenyi or hydride group is abstracted 
by protonation from a transit;- s t be e and cl ced i 

noncoordinating anion. 

The use of ionising ionic compounds not containing an active proton but capable of 
v i <. _ t i See, 

EP-A4 426 637, EP-A-0 573 403 and U.S. patent 5,387,568 for instructive ionic 
compounds. Reactive cations of die ionizing ionic compounds, other than the Bronsted 
acids, include ferrocenium, silver, tropylium, triphero/lcarbemum and triethylsilylium, or 
alkali metal or alkaline earth metal cations such as sodium, magnesium or lithium cations. 
A further class of noncoordinating anion precursors suitable in accordance with this 
invention are hydrated salts comprising the alkali metal or aikalme earth metal cations and a 
non-coordinating anion as described above. The hydrated. salts' can fee prepared by reaction 
c * nt< cation-no i c h watei fot « pie, by hydn of tlx 

commercially available or readily synthesized LiB(pfp)., which yields [Li»xH>0] |B{pfp)*] t 
where (pip) is pemafluorophenyl orperfiuorophenyl. 

Any metal or metalloid capable of forming a coordination complex which is 
resistam ro degradation by water (or other Bronsted or Lewis Acids) may be used or 
contained in the noncoordinating anion. Suitable metals include, but are not limited to, 
aluminum, gold, platinum and the like. Suitable metalloids include, but are not limited to. 
boron 5 tosphoru - ic am he like je aesc; T e if s rcot d lati a ns md 
precursors thereto of the documents of ti » i. m p era , incon ted by 
reference for purposes of U.S. patent practice. 

\1\ 1 ikionalmeth dofmak g the 1 > zatio al s 1 « s 
uses ionizing anion pre-eursors which are initially neutral Lewis acids but form a 
fnetaUocene cation and the noncoordinating anion upon ionizing reaction with the invention 
comp mds f • ex" 1 t tnsfpe ; yl) boros i«s to abstrae ; lydrot i 1 
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hydride or sliyi Hgand to yield a metaliocene cation and stabilizifig noncoordinating anion, 
see EP-A-0 427 69? and EP-A-Q 520 732 ibr illustration. See also the methods and 
compounds of EP-A-0 495 375. The description of noncoordinatmg anions and precursors 
thereto of these documents are similarly incorporated by reference for purposes of US. 
5 patent practice. 

When the X, and X 2 labile Uganda are not hydride, hydrocarbyl or silylhydrocaifcyl, 
such as chloride, amido or alkoxy ligands and are not capable of discrete ionizing 
abstraction with the ionizing, anion pre-cursor compounds, these X ligands can be 
1 o converted via known aikyiatson. reactions with osganometaiiic compounds such as lithium or 

m hydnde aikvis kylalumoxai - - & v P-A-0 500 

944, EP-A1-0 570 982 and EP-A1-0 612 768 for analogous processes describing the 
eaetion ^ < y] umin eomp rods c u ihst d mc e? compounds 
prior to or with the addition of activating^ - i - s i 

15 

Preferred invention activating cocaialyst, precursor ionizing compounds comprise 
Group 13 element complexes having at least two halpgenated aromatic ligands such as the 
halogenated tetraphenyi boron and aluminum compounds exemplified in the identified prior 
art, Preferred aromatic ligands consist of the readily available phenyl, and polycychc 

20 aromatic hydrocarbons and aromatic ring assemblies in which two or more rings (or fused 

ring systems) are joined directly to one another or together. These ligands, which may be 
the same or different, are covaieatly bonded directly to the metal/metalloid center. In a 
preferred embodiment the aryl groups are halogenated, preferably Buorinated, tetraary! 
Group 13 element anionic complexes comprising at least one fused polycyclic aromatic 

25 hydrocarbon or pendant aromatic ring, the halogenated ligands are also represented by 

.msls baui k 1 h i 1 ' r talei 

and biphenyl hgands ate exemplary aryl ligands. See co-pending application U.S. Ser. No. 
09/261.627. filed 3 March 1999, and equivalent WO 99/45042, incorporated by reference 
for the purposes of U.S. patent practice. 

30 

Particularly preferred cocatalyst complexes for solution polymerization processes 
are those which are soluble in aliphatic solvents, whether by virtue of substitution on the 
Group 13 element hgands or substitution on precursor cations, see tor example li.S patent. 
5,502,017 and WO 97/35893, When the cation portion of an ionic noncoordmating anion 



WO 98/24793 PCT/l 899 24944 

-12- 

precursor is a Bronsxed acid such as protons orprotonated Lewis bases (excluding water), or 
a reducible Lewis acid such as ferr imu 1 er catio? or alk e metal o alkali e 
earth metal cations such as those of sodium, magnesium or lithium cations, the transition 
metal to activator molar ratio may be any ratio, but preferably from about 10:1 to 1:10, 
5 more preferably from about 5: $ to 1:5, even more preferably from about 2;] to 1:2 and most 

preferably from about 1.2:1 to 1:1.2 with the ratio of about i : 1 being the most preferred. 

Thus suitable active catalyst complexes for coordination and carbocationic 
u, _m t t ^ , ei'.to b\ m io i v .fa the traditional metal iocene activators, 
10 typically alkyiaiumoxanes and ionizing haloaryJ boron or aluminum compounds known in 

the art. The active catalysts thus are cataiytically actum components comprising complexes 
derived from the invention metaliocene compounds containing the sojubiimmg bridge 
gauds according to the inve on, i ting cocatal 

compounds. 

15 

The catalyst complexes of the invention are useful in polymerisation of unsaturated 
monomers conventionally known to be polymerizabie under either com do iti< : 
polymerization conditions or cationic polymerization conditions. Such conditions are well 
known and include solution polymerization, supercritical phase polymerization, slurry 

20 polymerization, and low, medium and high pressure gas-phase polymerization. The catalyst 

of the invention may be supported '/and as such will be particularly useful in the known 
operating modes employing fixed-bed, moving-bed, fluid-bed, or slurry processes 
conducted in single, series or parallel reactors, with the added benefit that increased 
solubility will be useful in catalyst synthesis processes where the introduction of toluene is 

25 to be reduced, or slurry pump introduction means to be avoided. 

When using m, catalysts or die invention, the total catalyst system will gene . 
additionally compose one or more organomeiallic compound. Such compounds as used in 
this application and its claims is meant ro include those compounds effective tor removing 
30 polar impurities from the reaction environment and for increasing catalyst activity. 

1 y s u * r m t i \ < m < mm 

h Uh K i ! f at ~ ' n i m m 1 n 
i i stabs ca es f n g even elimination of ca 

activity, particularly when ionizing anion pre-cursors activate the catalyst system The 
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polar impurities, or catalyst poisons include wa*er >: GxygeG, tz&$ impurities, etc. Preferably 
eps are ovis of such into the o vesse fox ex* e by ei 

treatment 01 rarefui separate ltecl ue sring iht hesis c " ration of the 

various components, but some minor amounts of organometallic compound will still 
normally be used in the polymerization process itself 

Typically these compounds will be organometaHic compounds such as the Group 13 
orgasometallic compounds of U.S. patents 5,153,157, 5,241,025 and WO-A-9 1/098 82, 
WO-A-94/G35G6, WO-A-93/14132, and that of WO 95/07941. Exemplary compounds 
include methyl aluminum, triethyl bos-arse, tribobutyl aluminum, methylalumoxane, and 
isobutv! aluminumoxane. Those compounds having bulky or C&-C20 linear hydrocarbyl 
substituents covaiently bound to the metal or metalloid center being preferred to minimize 
adverse interaction with the active catalyst. Examples include triethyiamminum, but more 
preferably, bulky compounds such as triisobutylahiramum, triscprenylaluminum, and long- 
chain linear alkyi-substituted aluminum compounds, such, as ui-n-hexyialurninum, tri-n- 
octyialumimim, or tri-n-dodecylalumiraira. When ahanoxaae is used as activator, any 
excess over the amount needed to activate the catalysts present can act as a poison 
scavenger compound and additional organometalHc compounds may not be necessary 
Alumoxanes also may be used in scavenging amounts with other means of activation, e.g., 
methylaiumoxane and tnsobutyl-alummoxane with boron-based activators. The amount ot 
such compounds to be used with catalyst compounds of the inventions is minimized during 
polymerization reactions to that amount effective to enhance activity (and with that amount 
necessary for activation of the catalyst compounds if used in a dual role) since excess 
amounts may act as catalyst poisons. 

in preferred embodiments of the process for this invention, the catalyst system is 
employed rn Liquid phase (solution, slurry, suspension, bulk phase or combinations thereof), 
,n hmh pressure liquid or supercritical fluid phase. Each of these processes may be 
employed in singular, parallel or series reactors. The liquid processes comprise contacting 
olefin monomers with the above described catalyst system in a suitable diluent or solvent 
and allowing said monomers to react for a sufficient time to produce the invention 
copolymers. Aliphatic solvents and mixed aliphatic solvents are industrially suitable for 
solution processes, and are particularly preferred. 
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The process of the invention is especially applicable to homogeneous solution 
polymerisation which is also substantially adiabatic, that is to say the heat of polymerization 
is accommodated by a rise in temperature of the polymerization reactor contents, here 
I solv< I iiabatic process a c c t g a l ta s 

5 <. I < . ^ < v. s . v." 1 es *re ieJ- \ in torn the 

reactor. The productivity of such adiabatic processes can be improved by cooling the inlet 
solvent aiid/or monomer stream(s) prior to introduction into the reactor to permit a greater 
, erizatioR exc hent 1 rs v catalyst, cocataiyst and s ave ige ele ions d 

his applicati c e tageousb r ee n a continuous, so > p ce\s 

10 operated at or above 140 °C, above 150 °G or above 160 °C, up to about 250 "C. Typically 

tins process is conducted in an inert hydrocarbon solvent, linear cyclic or branched 
aliphatic, or aromatic, at a pressure of from 2t> to 2W o< e - •■ i v o 
provide a commercially desirable polymer at elevated temperatures contributes to a greater 
exotherai, to high polymer contents in the reactor because of lower viscosity, and to reduced 

15 energy consumption in evaporating and recycling solvent, and better monomer and 

comonomer conversions. See, for example, US. 5,767,208, and co-pending U.S. 
application Serial No 09/261,637, filed 3 March 1999, and its equivalent WO 99/45041, all 
of which are incorporated by reference for purposes of U.S. patent practice. 

20 The catalyst according to the invention may be supported for use in gas phase, bulk, 

sh yp ymerization processes or otherwise as needed. Numerous methods of support are 
w \ i - - erization process* ) unable f invention 

process in its broadest scope. See, for example ihamoxane activated cataiys s of U.S 
patents 5,057,475 and 5,227,440 An example of supported iomc catalysts appears in WO 

25 94/03056. Particuiariy effective methods for ionic catalysts are that described in U.S. 

parents 5 »9L 5 47 and WO v- S uii slurry, process utilizing 

supported, invention metaHocene compounds activated with alunsoxane co-cataiysts can be 
utilized as described for ethylene-propylene subber in U.S, patents 5,00 1 ,205 and 5,229,478, 
these processes will additionally be suitable with the catalyst systems of this application 

30 Both inorganic oxide and polymeric supporrs may be utilized in accordance with the 

knowledge in the field. See US. patents 5,422,325, 5,427,993, 5,498,582, 5,466,649, 
copending U.S patent applications 08/265,532 and 08/265,533, both toed 6/24/95, and 
international publications WO 93/11 172 and WO 94/07928. Each of the foregoing 
documents is incorporated by reference for purposes of U.S. patent practice. 
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id slurry processes are typically done by c ha slurry 

of liquid monomer or diluent, the catalyst system being supported. Gas phase processes 
s % catalyst and are conducted is an> manner known to U suitable foi 
5 ethylene homcpolymers or copolymers prepared by coordination polymerization. 

Illustrative examples may be found in U.S. patents 4,543,399, 4,588,790, 5,028,670, 
5,382,638, 5,352,749, 5,436,304, 5,453,47 L and 5,463,999, and WO 95/07942. Each is 

5 i tKv. 

10 Generally speaking the polymerization reaction temperature can. vary from about 

-50°€ to about 300°C. Preferably the reaction temperature conditions will be from -20°€ to 
and most a g c - T ' gh e peratur« a< bade edition processes ron a d 
including about 120°C to including aad about 23Q*C. The pressure l vs. fron bout 
mm Hg to 2500 bar, preferably from 0.1 bar to 1600 bar, most preferably from 1.0 to 500 

15 bar. 

Eihylene-a-oieiln (including etbylene-cyclic olefin and ethyiene-a-olefin-dioJefin) 
elastomers of high molecular weight and low crys&ltfnity can be prepared utilizing the 
catalysts of the invention under traditional solution polymerization processes (above) or fey 
20 introducing ethylene gas into a slurry utilizing the a-oiefin or cyclic olefin or mixture 

thereof with other monomers, poiymerizable and not, as a 

the invention catalyst k suspended. Typical ethylene pressures wit! be between 10 and 
I 1 u on diluent temp t be 

between -10-160 "C. The process can be carried out in a stirred tank reactor or tubular 
25 reactor, or more than one operated in series or parallel See the % - eofU.S 

patent 5,001,205 for general process conditions. All documents are incorporated by 
reference for description of polymerization processes, ionic activators and useful 
t tg < p -ts 

30 Pre-pclymerizarion of the supported catalyst of the invention may also be used for 

further control of polymer particle morphology in typical slurry or gas phase reaction 
processes in accordance with conventional teachings. For example such can be 
accomplished by pre-poiymerizmg a C 2 -Ce alpha-olefin for a limited time, for example, 
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ethylefie is contacted with the supported catalyst at a temperature of -15 to 30 *C. and 
ethylene pressure of up to about 250 psig (I "24 kPa) for 75 ram. to obtain a polymeric 

I or the v poo-< of ptAethvleue of >0 5 ecular weight fi 

polymerized catalyst is then available for use in the polymerization processes referred to 
5 above. The use of polymeric resins as a support coating may additionally be utilized, 

typically by suspending a solid support u; dissolved resin of such material as polystyrene 
with subsequent separation and drying All documents are incorporated by reference for 
description of metailocene compounds, ionic activators and useful scavenging compounds 

10 Other olefmicaily unsaturated monomers .s „ v > - v w * ow 

may be polymerized using the catalysts according to the invention by coordination 
polymerization,, for example, styrene, aSkyi-substituiec styrenes, eihyiidene norbomene, 
vinyl norboraene, norbornadiene, dicyolopehtadiene a c 1 -i - 

monomers, including other cyclic olefins, such as cyclopentene, norboraene, and alkyl- 

15 substituted norbornenes. Additionally, aipha-olefinic raacromonomefs of up to 300 mer 

units, or more, may also be incorporated by copoiyrnerization. 

The following examples are presented to illustrate the foregoing discussion. All 
•parts, proportions and percentages are by weight unless otherwise indicated. All examples 

20 were carried out in dry, oxygen-free environments and solvents. Although the examples 

may be directed to certain embodiments of the present mveation, they are not to be viewed 
as limiting the invention in any specific respect In these examples certain abbreviations are 
used to facilitate the description. These include standard chemical abbreviations for the 
eieme > accepted ahbr£vt< ! 

25 t-Bu tertiary-butyl, Oct - octyi, Cp - cyclopentadienyl, fed :::: indenyl, Flu ::: fluorenyl, 

THF (or tbf) = tetrahydrofuran, Ph ~ phenyl and pfp ::: pentafluorophenyl 

\f mo.u ' t. - - - _ ".j 1 , - ^ b e « \ ! 

veights (wt erage mote i Is a d j - e noiecul 

30 wt cht iMn} we - , ■> : .> i - \ . _ 1 > . n inv i . •'is" u n-oed 

using a Waters 150 Gel Permeation Chrom&tograph equipped with a differential refractive 
mdest 1DRI) and low angle light scattering i M detectors and calibrated us a polystyrene 
standards Samples were ran in 1,2,4-tric.hlorobenzeiie (135*C) using three Polymer 
v \ G mi c B columns i series This gej te >^ discussed t 
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"Liquid Chromatography of Polymers and Related Materials HI'" J, Gazes .Ed., Marcel 
Decker, 1981, page 207, which is incorporated by reference for purposes of U.S. patent 
practice herein. No corrections for column spreading were employed; however, data on 
generally accepted standards, e.g. National Bureau of Standards Polyethylene 1475, 
5 demonstrated a precision with 0/2 units for MwMs which was calculated from efutiors 

times. 

EXAMPLES : 

10 Synthesis of (/>Et3Si-phenyl)2C(2,7- s Bu2Fly}{Cp)HfMe2 (Catalyst A) 

1 . Synthesis of 1 -Br ; 4-(Et.3$i)benzene 

To a cold (-78 °C) slurry of ; ,4-dibromobeiszene (235 g, 0.99 mo!) and anhydrous 
THF (1.5 L) was added a solution of nBuLi (1.0 mol), pentane (300 ml.) and ether (100 
15 m'L}. After stirring for 3 b, Et 3 SiCl (3 50 g, 1 .0 mol) was added. The mixture was allowed 

to slowly warm to room temperature, stirred for a total of ca. 60 h. then quenched with 
water (50 ml,). The organic layer was separated, washed with additional water {2 x 50 ml), 
dried over MgS€>4, filtered, then reduced to an orange oil. Vacuum distillation (60 mtorr) 
gave product (bp 83 °C) Yield 124 & 46 %. 

20 

2. Synthesis of 6, h'-hns 

To a cold (-78 °C) slurry of s-B.r,4-(Ei3S.i)fae:nzene (124 g, 0.46 mol) and anhydrous 
THF (0.5 L) was added a solution of nBuLi (0.46 mol) and pentane (246 ml..). After 
stirring for 75 mm, ClC(0)NMe 2 (21 mL, 0.23 mol) was added. The mixture, was slowly 

25 warmed to room temperature overnight then cooled m an ice bath. Cyclopentadiene (46 

mL, 0.55 mol) was added then the color soon turned red. After stirring in an ice bath for 8 
h, the mixture was warmed to room temperature overnight. The mixture was extracted with 
water (4 x 100 ml i i two stage- (tot 300 m'L water), dried with Mg$C>4 then reduced to. an 
oil. The oil was taken up in ether (200 mL), dried with CaHi, filtered, then reduced to a red 

30 oil. Yield of crude product 1 14.8 g. 

3. Synthesis of ^-Et3Si-phenyl) 2 C(2 > 7~ 5 Bu2Flu)(Cp)HfCl2. 
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2,?- 5 Bu2fluorenyl lithium (69.5 g, 0. 25 mol) was added to a cooled (-30 ;> C) solution 
of the crude foivene {! 14.8 g, 0.25 mo?) and ether (500 mL). The mixture was warmed to 
room temperature overnight then reduced to an orange oil. Addition of pentane (0.5 L) 
caused a slurry to fonts Filtration, pentane washing (2 x 100 mL) and drying yielded (p- 

5 Et3Si-pheRys)2C(2;;- l Bu2FhiHXCpli) as a white solid (97 g, 53 %-assuming no ether 

present). 2M BuLi in pentane (64.5 nil., 0.129 mol) was added to a slurry of the monoanion 
(95 g, 0.129 mol) and ether (1 1 > After stirrmg owrmght, 5 <*:am ! e mmou* was cooled 
to -30 e C then treated with HfCU (41.4 g, 1 equ'tv.). The mixture was warmed to room 
temperature, stirred for 24 h then reduced to a solid in vacuo The solids v» are extracted 

30 with methylene chloride (500 ml total) then filtered through Ceiite. The filtrate was 

reduced to a solid, extracted with pentane (3 x 100 mL) then dried. The product was 
extracted from the solids with a mixture of toluene and hexane (1:1) at 60 °C then filtered 
through a 0.45 |tm filter. Removing the solvent gave product. Yield 70. g, 5 5 %. 

1 5 4. Synthesis of (p-Ets Si-phenyi)2C(2,7-%U2Flu)(Cp)HfNle2 (Catalyst A) 

A 1.4 M solution of Meld in ether (21,8 mL, 30.5 mrnol) was added to a solution of 

^-Et3St-phenyl)2C(2,7-'Bu2Fiu)(Cp)IdiX:i2 (15.0 g, 15.2 mrnol) and toluene (125 mL). 

After stirring for 1 h, the mixture was filtered through a 4~& am frit then reduced to a solid 

invaoio The product was extracted from die: solids with hexane (250 mL) then filtered 
20 through a 0.45 tun filter. The crude product was crystallized from a minimum of hot 

hexane. Yield 8.9 g, 62%. 

Synthesis of (/>Ft3Si-phenyl] 2 C(Flu}(Cp)Hflv1.e 2 (Catalyst B) 

25 

5. Synthesis of 6.6M>is(p-£t?Si-phenyl)fuivene 

This fblveoe was prepared similarly as described above in 1 and 2 on a smaller 

scale. 

30 6. Synthesis of (>Et3Si-phcny!)2C(Flu}(Cp}HfCl2. 

Fluorenyi lithium (3.90 g, 22,6 mrnol) was added to a cold (-30 °C) solution of 
crude 6,6^bis{>~Et3Si-phenylp!yen!e' : <10,3S g, 22.6 mrnol) and ether (100 mL). After 



5 e^ovea and the remaining so 'is. ried > ^ 
ml - fi ered washed with i c es tane (2x1 J mi ) the t dried invacuo tc ive 0 - 

^ >^tr - i ii.cl' •> t y -1^ et wr present. CM BuLi its 

pestase (5.1 mL, 1 equiv.) was added to a slurry of the mondahion (6.4 g, 10.2 rool) and 
5 ether (50 mL). The mixture was stirred overnight, cooled to -30 °C then treated with HfCU 

5.2c eqim ; 1 c mixture v'as warm d t roon 1 >es tare stirred i i 8 I filtered 
then washed with peatane (25 mL). The product was extracted from the orange solids with 
tlii.. e \ r ^ v Yield 

6.15 g, 6! %. 

10 

7. Synthesis of (p-Et3Si-phenyi)2C(Fli3}(Cp)TlfMe 2 (Catalyst B) 

A 1.4 M solution ofMeLi in ether (1.65 mL, 231 rnmol) was added to a solution of 
jo-EtjSi-pheir, •>• hi'( i rifC ; (1 0 g, 1.15 rnmol) and toluene (25 mL), After stirring 
overnight toluene was removed. The product was extracted from the solids with hexane 
15 then filtered through a 0.45 pm niter. Removing the solvent gave product. Yield 0,565 g, 

59 % 



As shown above preparation of the exemplary metaifocenes requtrce ,> 1 ^ w s 
of 6,6'*i8(p.Et3Si-phenyl)fulvene. This fulvene was prepared from the reaction of p- 

20 (Et3Si}phenyfIilhium wdh CiC(0)TMe2 then cyciopentadtene in an extension of a general 

procedure reported by H. Kurata and coworkers {Tetrahedron Letters, 1993, 34, 3445- 
3448). Further reaction of 6.6'~bis(>-Et sSi-phenyljfulvene with 2 > 7~ { Bu2tluorenyi lithium 
yieldedt; buS m 2 3 H)(CpLi} Thismonoan <. .plaveo lo\. h ^t^ 

in pentane and v&js easily purified from contaminants Subset|ue;it neatmer.f w.tu BuLt 

25 then HfCU gave the dichloride 0^Et3Si-phenyl)2C(Flu)(Cp)HfC;i.>, which was readily 

etJ 1 eth c can ea >e extended prep t je variety of silyi 

substituted metalloceaes. 



Em 



BtJ*\j* „ Br^\„SEfe _ _ 

Yi 1 BuLi \-/ I.BuU 

2.EPC! 2.0.5 CIC{0)NMe 

3.0pH 




8. Solubility Studies 

5 To a measured amount (typically 1G* 4 mol) 6f bnetallocene and a stirbar m a 20 raL 

scintillation via! was added dry hexane (ca. 2.65 mL). it was necessary to use a larger 
amount of A (3 x 1CH mol) to determine its solubility. The mixture was stirred, for ca. Ih 
then an aliquot removed and filtered through a 0.45 urn filter (aliquot mass 2.2-2.5 g). The 
mass of the sample was recorded then the hexane removed with a slow nitrogen stream.. 

10 Weight % solubility of the metallocene was determined as !00{mass soiid remaining) / 

(mass filtered aliquot) See Tables below. 



Catalyst Symbol Preca aivsK :?jr>j ound 

A ^Ef3Sj.F^e(2^u) 2 Flu)(Cp)l:ffMej 

C (Comp) Ph 2 C(2 > 7-{«Bu) 2 FluXCp)HfMe 2 
D (Comp) Ph 2 C(FluXCp)HfMe 2 



15 
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SeLUBILiTY TABLE 
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Initial Mixture (Calculated) Filtered Aliquot 



Precatalyst 


„x 


sola mas 


■s max. wt% 


soin. mass 


Precat 


wi % 


A 


0.0905 


2.6603 


3 40 % 


2 3715 


0.0793 


3.3 % 3 


A 


0,2828 


2,7653 


50.23 % 


2.521 


0.2434 


9.65 % 3 








i r: ,"!V ! 

s.O.Ub 








C (Comp} 


0,0705 


2.619! 


2.69% 


2.236 


0.0476 


2.1% 


C (Comp) 


0,1049 


2.6805 


3.91 % 


2.383 


0.G445 


1.9% 


B 


0.0848 


2,6483 


3.20% 


2.3898 


0.0511 


2.1% 


D (Comp) 


00594 


5.1069 


1J6% 


3.7209 


0.0045 


0.1% 2 


D (Comp) 


0.0612 


12 1902 


0.50% 


11.5233 


0.0079 


<0.07 % 2 


! Control ran u 


sing a fully c 




I A its determined by v 


iSOSi 


ohserv 








calculated "max wt%* and the 



5 actual measured vet% after filtering. 2 An upper limit of D solubility is 0.07% 

since an increase m hexane did not proportional i> increase the amount of 
solids remaining. -'Average A solubility is 9.4 %. 

10 

l xamp e ! . P; jyn iriz tion £ scan p - 

Under a nitrogen atmosphere, a I L autoclave was charged with hexane (460 mL) 
and trioctyialuminom (0 04 mL of a 25. wt% solution in hexane diluted with hexane (10 
mL)). The autoclave was stirred at ca. 1000 rpm, heated to 1 13.6 ± 0.4 °C (F - 47.2 ± 0.5 

15 psig) then pressurized with propylene to 103.3 ± 0.3 psig then ethylene to 251 psig. 

Ethylene flow into the reactor was allowed during the copolymer! zation. A 3.94 x 10 5 M 
. \ s i' e i \ > 0 r i ( i_ t'v ^ mL 

0.79 pmoi) {hexane soluble activator) was pumped into the reactor. Then a 3.97 x 10" 5 V 
^Et3Si"Ph)2C(2;74Bu2Fsu)(C.lp)Hfa\ie2 solution in hexane was added at a variable rate 

20 sufficient to maintain ethylene flow into the reactor at < 1 L/min and the reaction exotherm 

< 0.5 TO The mean temperature daring the polymerizations was 113 7 ± 0.5 "C. Ethylene 

nake was moaitored with a c ' ransducc the malu 

halted after ca. 12 g of polymer was produced. The reactor was vented and cooled The 
polymer solution was poured from the reactor into a large beaker. The reactor was rinsed 

25 with additional hot hexane (ca. 500 mL). The polymer solutions were combined then 



treated with a stream of nitrogen to remove hexane; the polymer was furih.er dried under 
vaeuun j * 8 ) C given in tabic J . 



'The procedure of 9a. was repeated. 

Example 9c. 

The procedure of 9a. was repeated. 

Example 10a. 

The general procedure of 9a. was follow 
reactor was charged with solvent, AJOcij th. 
PhNMe 2 K + B(C 6 F 5 )4- (5 rag, 6.2. po§;in hex; 



with an activator substitution: The 
slurry of the activator compound 
20 niL) then heated to 113.5 r 'C and 



charged with propylene and ethylene. Then the preeaialyst was added to this mixture. 



Example !0b. 

The procedure of 10s. was repeated using a slurry of the activator compound 
[PhNMe 2 H] 4 ' [BCCsFs).)}- (1.2 mg s 1.5 umol) in hexane (20 mL). 



20 Example 11a. Comparative Example 

The general procedure of 9a. was followed with an activator substitution: A 1.5 x 
10- 4 M BfQfsb solution in hexane (25 mL, 3.78 urnoil was pumped into the reactor in 
place of the R; solution used in example 9a. Due to low activity, the polymerization was 
halted after 2.92 g of polymer was prepared. 

25 



s ib Com para eEs spb 

The procedure of 11a. was repeated. Due to low activity, the polymerization was 
halted after 0.7 g of polymer was prepared. 

Example 12 T '< y\ - sample. 

The procedure of example 9a was followed with a precataJyst substitution: A 
mixture of t>-Et; i Si-Ph) 2 C(Fiu)(Gp}HfKle2 (SO mg, 60.1 praol) and hexane (2.5 g) was 
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stirred for 30 min then allowed to sit for 10 mm. An aliquot (1 50 pL) of the mixture was 
removed and diluted with hexane 80 mL TMs precataiyst solution was added to a reactor 
as described in example 9a. 

Example 12b. Polymerization Example. 

The procedure of example J 2a was repeated using the same precursor. 

rati e Examp e 

The procedure of example 9a was followed with a precataiyst substitution: A 
mixture of catalyst D above ({Pb) : C{Flu)(Cp}HtMe 3 ) (50 mg, 82.9 umol) and hexane (2.5 
R ) was stirred for 30 min then allowed to sit tor 50 min. An aliquot (150 uL) of the mixture 
was removed and diluted with hexane SO mL. This precataiyst solution was added to a 
reactor as described in example 9a. 

Example 12d Comparative Example. 

the procedure of example 12c was repeated using the same mixture. 



TABLE 1 
POLYMERIZATION RESULTS 



Ex# 


pmo! Cat 


\xmo\ Act 


Polymer 
mass 


Wt % c 3 

OR) 


M w 
(LSj 


M W /M B 


9a 


0.13 


0 79 


12.41 


32 


629427 


1.85 


9 b 


0 I] 


0.79 


1 1 79 


31 


5476 59 




9c 


0.12 


0.79 


10.33 


32 


575956 


1.9 ! 


10a 


0.056 


62 


1.1,42 


32 


357884 


1 95 


10b 


0,094 




n.28 


32.5 


589690 


; 9 


1 !a(€omp) 


0.70 


3,8 


2,92 


32 


573913 


i 9 


\ ibiComoO 


0:893 


3.8 


0.7 


a 


a 


a 


■2a 


0.183" 


0.79 


12.60 




510697 


2.0 


12b 


0.i83 b 


0.79 


6.77 


n s 


••mb-- 


2.0 


i2c(Comi3) 


c 


0.79 


0.4 


& 


■a 


a 


l2.VomjM 


c 


0.79 


0 


a 


a 


a 



(a) not measured 0>, c :> (p-Et 3 Si.Ph) 2 C(FluXCp)HlMe 2 was completeh soluble; 
> , ' 0 , vb\ , jj t]; i j i c me .o ^ m, 1 b 
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fhet jnrparisoB presented in example 12 above illustrate*, thai the productivity oi a 
poiyme z i s prGportion&l to the conct t ca 

solution. Catalyst B is more soluble that catalyst D in hexane. Thus, the mixtures of B in 

hexane result in and increase in polymenzation productivity, 6.8 to 12.6 g polymer, as 
5 compared io that of catalyst D, at 0 - 0.4 g polymer. 

Example 1 3 . Ethyieae/Octene Copolymers zatiom 

Under a nitrogen atmosphere, a 500 rot, autoclave was charged with hexane (250 
rntir tniaobutylaiuminum (0.2 oil of a 25.2 wt% solution m heptane diluted with toluene (5 

10 mi.}} and 1-oclene ! IS ml., 1 15 mmol). The autoclave was stirred at ca. 1500 rpm, heated 

to 140.1 *C (P - 75.7 psig} then pressurized with ethylene to 265.6 ± 1 psig. Ethylene flow 
into t e cvao io v i r. w vi po iiir- . ^ - Io v , , o 

panel), PhNMe?H' ; B(C^Vsk~ (1 equiv,} and toluene (100 mL) was added to the stirred 
mixture over 30 mm. at a variable rate sufficient to obtain 12-15 g isolated copolymer with 

15 an exotherm of less than 1.5 °C, typically less than 1 »C. The polymer was precipitated 

with 2 -propane! (1.5 L), isolated, then dried under vacuum at SO °C. See Table below. 





Precat. used Copolymer 


Mol% 


M w 


M w /M„ 


M.,,, 


Precatalyst 


{pMol) 


Yield (g) 


octene 


(DRI) 


(DRI) 


(1-S) 


A 


2.1 


12,18 


6.4 


195692 


3.12 


225188 


A 


1.5 


12.79 


6.1 


190771 


230 


210680 


A 




13.82 


6.4 


207125 


2 30 


248319 


A 


2.4 


14.98 


6.1 


219112 


2 43 


254290 


B 


5.0 


.12 40 


7.3 


1 50225 






B 


4,4 


12.98 


7:6 


163758 


2 22 


1 94604 


D 


5.8 


12.49 


9.5 


140664 


2.25 


1 73690 




4.2 


12.25 


7.5 


1 54822 


2,20 


189865 



Molecular weights determined from GPC using a differentia! refractive index 
20 ' N x i , u t ane i- i - de ct 

vl U at i e b >st gt5 f v nt ?! 
for catalyst of the invention as compared with those of the prior art The polymerization 
e t -"cnvmei such tha r the bene ts v t terea ed st ! 



W0 08/24793 PCT/US99/2 5944 

-25- 

sol vents t c ic of the levels of 

with the prior an catalysts. 

Example 14 Continuous High Temperature Solution -Process 
51 The following polymerization reactions were performed in a stirred, liquid filled 2 1. 

i r fui i>. o perform eo tmuous v ^ > 2 >resenc 
of an inert C.V. hydrocarbon (rtaphta) solvent at pressures up to 120 bar" and temperatures up 
to 240 X. The reactor was typically stimsa at,1.00'Q\rpm during the \ - t The 
reaction system was supplied with a thermocouple and a pressure transducer to monitor 

10 changes in temperature and pressure continuously, and with means to supply continuously 

punfed ethylene, 1 -octane, and solvent. In this system, ethylene dissolved in the 
hydrocarbon solvent, 1-octene, ui-n-octyi aluminum (TO A) used as a scavenger, and 
optionally H 2> are pumped separately, mixed, and fed to the reactor ss a single stream, 
refrigerated to below 0 °C. The transition metal component {TMC i \\ .$ dissolved in a 

15 v > , \ M ncn iter 

was dissolved in toluene/solvent mixture (1/1 vol/vol). Both components were pumped 
separately, mixed at ambient temperature, and cooled to below about 0 X prior to entering 
the reactor. The reactor temperature was set by adjusting the temperature of an oil bath 
used as a reservoir for the oil flowing -through the reactor wall jacket. Next, the polymer 

20 molecular weight (MW) or Mi was controlled independently by adjusting the ethylene 

conversion {% C j) in the reactor via the catalyst flow rate. Finally, the polymer density was 
controlled by adjusting the ethylene/ 1 -octcne weight ratio in the feed. See Tables below. 



25 
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1 . roup 4 eta con * 4 < < i f s e ^ a c tmamoni gands 

each of which independently may be substituted or unsubsututed, wherein the 
Ugands are bonded by a covaient bridge containing a substituted single Group 14 
* i i > -lid Group x ' i 15 c i t ^r^ v 

, ich conti at least one 1 drocarbylsih ubstituent grou 

2 <. < < s ! formula 

Rn'^iR's-n, where each R' is independently a Cj-C. -.sriV. nydf^c^vlsify], 
hydrofluorocarbyS substituted, R" is a C ; -C,. ; Sinking group between Ss and the aryl 
group, and n = 0 or 1 . 

3, The organoiuetalHe compound of claim 2 wherein each R' is a linear CVC linear or 
branched alky! substituem. 

4 The organometallic compound of claim 3 wherein said catalyst compound: is a 
hafnium organometallic compound and said substituted Group 14 atom is a carbon 
atom. 

5. The organometallic compound of claim 4 wherein said compound is a 
bis^eloper os s t - ' >i.\r>m.. ■ > v impound haying 

i) at least one unsubstituted cyelcpetnadienyi or indenyl ligand, 

ii) one aromatic fused-rsng suK ^d cot « _ - 

6. The organometallic compound of claim ; < here is; aron fused-rh 

s bstitot d > e tadien> gand is a substituted i >st i fluoren gaud 

7. n org nova c com d < claim w ereii said unsubstituted 

top i d > ic fuse i ed c c ac 

.s m uisu ist .to cycioye 1 
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8. The organometallic compound of claim 7 wherein said hafnium compound is 
selected from the group consisting of di(p-trimethylsilyl-phenyl) methylene 
(cyeJopentadienyl) (fluorenyi) hafnium dimethyl, di(p-tnmethybiiyhphsny]) 
methylene (cyclopeatadieoyi) (2,7-diraethyl-9-fmorenyj) hafnium dimethyl and 

5 di(p-mm< i nyi) methylene (cyeJopentadienyl) (2.,?~dhtert-buiy!-9- 

fluorenyl) hafnium dimethyl, , f f < " o methylene ieyclopentadienyl) 

(fluorenyi) hafnium dimethyl, di(p-tnethyisilyii)heoyl) methylene 

< r ia ! v : - t , \ , > 1 " <■ ett s 

phenyl) methylene o> >en tienyl) (2,7-di-tert-but fluoren hai n 

10 dimethyl, (p-triethyisilyhphenyl) (p-tert-bu-yiphenyl) methylene fcyclopemadienyi) 

(fluorenyi > hafnium dimethyl (p-triethylidh i-phenvi ) i i p-n-btny I phenyl ;■ methylene. 
( cyeJopentadienyl) (2, 7>dimethyl-9-fiooreny!) hafnium dimethyl (p-iriethyisijy.l- 
phenyi) (p-n-butylphenyl) methylene" (cyclopentadienyl) (2,7-di-tert-butyl-9- 
fluorenyi) hafnium dimethyl, and (p-triethylsilyl-phea.yi) (p-n-butyi phenyl) 

15 methylene (cyclopentadienyl) (2 > 7-di.methyl-9-fluorenyl) hafnium dimethyl. 

9. A polymerization process for ethylene copolymers having a density of about 0.850 
to about 0.940 comprising contacting, under solution polymerization conditions at a 
reaction temperature at or above 60 "C to 225 °C ethylene and one or more 

20 comonomers capable of insertion polymerization with & catalyst compound derived 

i t < houp 1 organ } ^ * ^ 

10. The process of ciaim 9 -wherein said catalyst compj m - ^ <a ms^U , 
compound and said substituted Group 14 atom is a carbon atom. 

25 

11. The process of claim 9 wherein said catalyst compound is derived by reacting with 
an activatirn < > s > 

12. The process of claim 1 1 wherein said cocatalyst compound comprises a halogenated 
30 tetraafyi -substituted Group S3 anion. 

13. The process of claim 12 wherein the aryj substituent comprises at least one fused 
f N ^cyclic romat c ri ii- T 
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14 The process of claim 13 wherein said halogenated tetraaryl Group 13 anion is 
|tetrak!S(perfiuoro-naphihyl)bQrate], 

15. The process of any of claims 12-14 wherein said cocataiyst compound additionally 

prises essentia x selected fr ■ hf^ 1 i substitute 

aniiioium, ammonium, earbeniurm silylium and metal cationic complexes 

16. The process of any of claims 9-15 wherein said solution polymerization conditions 
are adiabatscaliy conducted in a continuous polymerization process. 

1 7 The process of claim 16 wherein the reaction temperature is in a range of 160 °C to 

250 X, 

18. The process of claim 17 wherein said homogeneous polymerization conditions are 
conducted in a continuous process at a pressure of at least 500 bar. 

19. The process of any of claims 9-1 S wherein said one or more comonomers capable of 
insertion polymerization are selected from the group consisting one or more of Cr 
Cs oc-olefins, Cs-Cis diolefms, C7-C20 cyclic olefins and diolefms, and C7-C20 vinyl 
aromatic monomers. 

20. The process of claim 19 wherein said one or more comonomers capable of insertion 
polymerization are selected from the group consisting of propylene, 1-butene, I- 
hexene, 1-octene, 2-ethyiidene-5-norbornene > and 2-vinyl-5-norbomene. 



21. 



The process of claim 9 wherein said Group 4 organometailic compound comprises a 
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